Background and Purpose-Several studies observed that people from lower socioeconomic groups have higher chances of dying of stroke. There are reasons to expect that these differences are relatively small in southern European countries or in Nordic welfare states. This report therefore presents an international overview of socioeconomic differences in stroke mortality. Methods-Unpublished data on mortality by occupational class were obtained from national longitudinal studies or cross-sectional studies. The data refer to deaths among men aged 30 to 64 years in the 1980s. A common occupational class scheme was applied to most countries. The mortality difference between manual classes and nonmanual classes was measured in relative terms (by rate ratios) and in absolute terms (by rate differences). Results-In all countries, manual classes had higher stroke mortality rates than nonmanual classes. This difference was relatively large in England and Wales, Ireland, and Finland and relatively small in Sweden, Norway, Denmark, Italy, and Spain. Differences were intermediate in the United States, France, and Switzerland. In Portugal, mortality differences were intermediate in relative terms but large in absolute terms. In most countries, inequalities were much larger for stroke mortality than for ischemic heart disease mortality. Conclusions-Socioeconomic differences in stroke mortality are a problem common to all countries studied. There are probably large variations, however, in the contribution that different risk factors, such as tobacco and alcohol consumption, make to the stroke mortality excess of lower socioeconomic groups. Medical services can contribute to reducing socioeconomic differences in stroke mortality. (Stroke. 1998;29:2285-2291.)
S
everal studies have demonstrated that men and women from lower socioeconomic groups have higher chances of dying of stroke before reaching old age. Associations between socioeconomic status and stroke mortality have been observed for the United States, Australia, England and Wales (considered together), and Nordic countries. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Higher stroke mortality rates of lower socioeconomic groups are probably related to several factors. As a general rule, lower socioeconomic groups are more frequently exposed to risk factors for stroke incidence, including hypertension, excessive alcohol consumption, tobacco consumption, and overweight. 12 In addition, it has been suggested that lower socioeconomic groups have less access to, or make less effective use of, services that are important to the early detection and control of hypertension. 13, 14 Until now, the international literature did not include reports on socioeconomic differences in stroke mortality in France, Switzerland, or Mediterranean countries. Particular to these countries is that, until the 1980s, ischemic heart disease (IHD) mortality among men aged 30 to 64 years was not clearly related to low socioeconoic status. [15] [16] [17] This situation is probably due to the lack of clear social gradients in, among other things, tobacco consumption and some dietary factors. 15,18 -22 Since stroke shares several of its risk factors with IHD, socioeconomic differences in stroke mortality might also be small or even absent in southern European countries. If so, there would be a parallel with the situation in the United States and the northern part of Europe in the 1950s, when both IHD and stroke mortality rates were not yet clearly higher among lower socioeconomic groups. [23] [24] [25] [26] [27] The Nordic welfare states are also of interest. Characteristic of these countries is the highly egalitarian character of their socioeconomic, healthcare, and other policies. 28 -30 Egal-itarian policies in these countries might have diminished differences between socioeconomic groups in exposure to risk factors for stroke incidence and perhaps remedied a part of the remaining inequalities by securing that lower socioeconomic groups have free access to high-quality medical services. The experience of these Nordic countries is especially interesting in the light of findings from the Hypertension Detection and Follow-up Program in the United States. 31, 32 This program demonstrated the potential benefits of directing hypertension detection and control services to lower socioeconomic groups. Optimal access to, as well as compliance with, hypertension detection and control services by low as well as high socioeconomic groups was found to have resulted in diminishing socioeconomic differences in hypertension and hypertension-related mortality in the stepped care intervention group. 32 A comparable hypertension control program among 2222 hypertensive patients in Finland observed that reductions in hypertension prevalence took place uniformly in all socioeconomic groups. 33 The experience of the Nordic countries at large can show whether similar outcomes are attainable not only for specific intervention groups but for entire national populations as well.
The purpose of this report is to present an international overview of socioeconomic differences in stroke mortality in the 1980s. Until recently, such a comparison would not be feasible because of poor accessibility and poor comparability of data from different countries. However, an extensive database of internationally comparable data was created recently in a large-scale international project. 15, 16 This database has been used to provide international overviews of socioeconomic differences in all-cause mortality and mortality from IHD. In the present overview, we will assess the size of inequalities in stroke mortality in each country and whether these inequalities are smaller in some countries than in others.
This analysis focuses on mortality among men aged 30 to 64 years. The restriction to these men was necessitated by problems with the availability and comparability of data for women and for men in other age groups. 15 The restriction to a relatively young age group can be motivated by the fact that below the age of 65 years, stroke deaths are more often avoidable, although not always, by adequate use of hypertension detection and control services. 34, 35 Subjects and Methods
Subjects
The data sources used for this paper are presented in Table 1 . Data on mortality by socioeconomic factors and cause of death were preferably obtained from longitudinal studies and otherwise from cross-sectional studies. Longitudinal studies consisted of a mortality follow-up of populations enumerated in the national population censuses of circa 1981. Most follow-up periods covered the period of circa 1980 -1989, but shorter periods were covered for Sweden and Italy. The cross-sectional studies used here were of the "unlinked" type, 15 with the death registry providing the number of deaths according to occupational class as registered on death certificates, and the population census providing the corresponding number of persons at risk according to the same occupational classes. All cross-sectional studies were centered around the national population censuses of circa 1981.
Stroke deaths were defined by the underlying cause-of-death codes 430 to 438 according to the International Classification of Diseases, Ninth Revision.
Most studies include the entire adult national population. Longitudinal studies from the United States and England and Wales refer to a representative sample of the adult national population (sample sizes, Ϸ0.5% and Ϸ1%, respectively). Data for Italy were available from a mortality follow-up of all residents of Turin, a large city in northern Italy. Data for France and Switzerland relate to the native-born population only.
The age groups 30 to 44 and 45 to 59 years were selected for studies that classified men according to their age at death. For longitudinal studies with a follow-up period of Ϸ10 years, the birth cohorts aged 25 to 39 and 40 to 54 years at the start of follow-up were chosen. With a follow-up period of 10 years, it was in addition possible to study mortality differences at the age of Ϸ60 to 64 years by observing men aged 55 to 59 years at the start of follow-up. For Spain, no data were available for men aged 30 to 44 years.
A common occupational class scheme, the Erikson-GoldthorpePortocarero (EGP) scheme, was applied to as many countries as possible. 36, 37 This scheme was developed to facilitate international comparisons of social mobility and is particularly suited for our purposes. Where possible, social class conversion algorithms were applied to individual-level data on the following aspects of the jobs that men perform: occupational title (by 3-digit code), employment status (self-employed or not), and supervisory status (eg, number of subordinates). Mortality data for Denmark, Ireland, Spain, and Portugal were available on the basis of national occupational class schemes. These national schemes could be made comparable to the EGP scheme at the level of 3 broad classes: nonmanual classes, manual classes, and agricultural classes (farmers and farm laborers). Under the EGP scheme, the nonmanual class includes all men working as professionals, administrators, managers, employers, higher-grade technicians, routine nonmanual employees (eg, clerks), service workers (eg, conductors), and sales personnel.
In most countries, Ϸ45% to 50% of the male working population are in nonmanual classes, approximately as many men are in manual classes, and Ϸ5% to 10% of all men work in agriculture. 15 Manual classes form the largest group in the United States, England and Wales, Finland, Spain, and Portugal. The proportion of men working in agriculture increases with age. In Finland, Ireland, Italy, Spain, and Portugal, Ͼ15% of all men work in agriculture.
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Methods
The relative mortality level of men in specific occupational classes was measured by means of standardized mortality ratios, with the national mortality rates by 5-year age group as the standard. The magnitude of inequalities in mortality was quantified by a summary index with a straightforward interpretation: the rate ratio that compares the mortality rate of manual classes to the mortality rate of nonmanual classes (including self-employed men). Rate ratios and their 95% CIs were estimated by means of Poisson regression analysis. The regression model included a term that represented the contrast between manual and (upper) nonmanual classes. A series of terms representing 5-year age groups was included in the regression model to control for different age compositions of manual and (upper) nonmanual classes. Rate ratios for the United States were also adjusted for race/ethnicity (Hispanics, other white, black, other nonwhite).
These relative measures were complemented with an absolute measure that takes into account the large variations between countries in national stroke mortality rates. By multiplying standardized mortality ratios by national rates of stroke mortality, we obtained class-specific absolute death rates standardized for age. Estimates of national stroke mortality rates were obtained from World Health Organization 38 statistics that are based on national mortality registrations.
In most countries, there was insufficient information on the former occupation of economically inactive men (eg, retired, disabled, unemployed). These men were therefore excluded from the analysis. Their exclusion is likely to lead to an underestimation of the magnitude of mortality differences between occupational classes, because economically inactive men have high mortality rates and originate predominantly from lower occupational classes. 15 However, we applied a procedure that approximately corrects for this underestimation. 15 This procedure is based on a formula that calculates correction factors as a function of both the population share and the stroke mortality level of the men that were excluded from analysis. It was found to perform well in a large number of tests. 15 Table 2 presents the relative mortality level of each occupational class, as measured by standardized mortality ratios. In nearly all instances, the death rates of nonmanual classes are lower than the national average, whereas the death rates of manual classes are higher than average. The only exceptions relate to men aged 30 to 44 years in Switzerland and to men aged 60 to 64 years in Italy and the United States. In most countries, the class of farmers and farm laborers has stroke mortality rates lower than the national average. A main exception to this general rule is Portugal, where farmers and farm laborers have much higher stroke death rates than the rest of the population. Table 3 presents the rate ratios that quantify the size of the mortality differences between manual and nonmanual classes. Estimates could be made for all countries only for men aged 45 to 59 years. In this age group, the mortality difference between manual and nonmanual classes is statistically significant for most countries. These differences are relatively large in England and Wales, Ireland, and Finland and relatively Table 4 presents estimates of absolute levels of stroke mortality among men 45 to 59 years. Countries are ordered by their national stroke death rate, which is between Ϸ30 and 50 per 100 000 person-years in most countries but lower in Switzerland (22) and higher in Finland (68) and Portugal (100). The death rates of manual classes are higher: between 37 and 57 per 100 000 person-years in most countries but smaller in Switzerland (26) and higher in Finland (82) and Portugal (101). Within Portugal, farmers and farm workers have the highest death rate (130; not given in Table 4 ). Most important for the present analysis is the absolute difference between manual and nonmanual classes shown in Table 4 . The largest differences are observed for Ireland, England and Wales, Finland, and Portugal.
Results
In the Figure, a comparison is made between stroke and IHD. Countries are ordered according to the rate ratios that were estimated for IHD in a manner identical to that for stroke. 15, 17 Socioeconomic differences in IHD mortality showed a strong north-south gradient within Europe, with a clear mortality excess of manual classes in northern European countries but not in France and more southern countries. In Portugal, IHD mortality was even higher among nonmanual classes. Such a clear north-south gradient cannot be observed for stroke mortality. In contrast to IHD mortality, stroke
Manual versus nonmanual rate ratios for stroke mortality compared with those for ischemic heart disease (IHD) mortality. Rates are for men aged 45 Table 2 . mortality is higher in manual classes in all countries included in the overview. In nearly all countries, socioeconomic differences are substantially larger for stroke mortality than for IHD mortality.
Discussion
Evaluation of Data Problems
Elsewhere, we carefully evaluated the results against problems with the reliability and international comparability of data on mortality by occupational class. 15 We identified 3 principal data problems: the use of occupational class schemes other than the EGP scheme, our approximate correction for the exclusion of economically inactive men, and the "numerator/denominator" bias that is inherent to the unlinked cross-sectional studies. 15 We quantified the potential effect of these data problems on estimates of manual versus nonmanual mortality rate ratios. The potential size of error in the estimates for Sweden and England and Wales was Յ10%. This implies that a rate ratio of, for example, 1.40 is underestimated or overestimated by maximally 0.14 U. The potential size of error is also modest for Finland, Norway, Denmark, and the United States (Յ15%); slightly larger for France, Switzerland, and Italy (ϷՅ20%); and the largest for Ireland, Spain; and Portugal (ϷՅ35%). The numerator/ denominator bias could be especially large in these latter countries. 15 For all countries, data were obtained from studies that are based on national death registries. The use of this source of information is necessary to estimate the magnitude of socioeconomic differences in stroke mortality at ages Ͻ65 years with reasonable precision (no large CIs). A potential problem with national death registries relates to the quality of the registration of the underlying cause of death. A part of deaths with stroke as the underlying cause may be assigned to other cardiovascular diseases or vague categories such as sudden death. Conversely, deaths from other causes may be coded with stroke as underlying cause of death. Misclassification would bias our manual versus nonmanual rate ratios only if the degree of misclassification varies by occupational class. Some differential misclassification is possible, but it is unlikely that this has substantially biased the rate ratios presented in Tables 2 and 3 . There is a larger potential for bias, however, in the estimates of the absolute manual versus nonmanual mortality difference that are given in Table 4 , since this absolute difference is also sensitive to a country's overall (nondifferential) level of misclassification.
A final concern relates to differences in study period. Whereas data for the United States and most northern European countries relate to circa 1985 (1980 -1989) , the data from most southern European countries relate to circa 1981 (1980 -1982) . This 4-year difference would bias comparisons between countries if mortality differences strongly change over time. With respect to all-cause mortality, trend estimates from different European countries suggest that manual versus nonmanual rate ratios have increased by Ϸ0.10 U during the early 1980s. 15 A similar increase may have occurred with stroke mortality. This increase would not be negligible, but taking into account this increase would not substantially alter the international patterns observed in this study.
Occupational Class as a Measure of Socioeconomic Status
Occupational class is generally considered the most comprehensive indicator of the socioeconomic status of people. 39 However, there are substantial differences within occupational classes according to, among other factors, educational levels and income. This raises the question of the results that would have been obtained if an alternative socioeconomic measure had been used. A measure often used, especially in the United States, is educational level. Nationally representative data on the association between educational level and stroke mortality are available for Finland, Norway, Denmark, Italy, and the United States. 16 Analyses of these data showed that the relative position of these countries was approximately the same for education as for occupational class. We calculated mortality rate ratios comparing men with at most lower secondary education to men with higher levels of education. For men aged 20 to 74 years, these ratios were largest for the United States and Finland (Ϸ1.45) and smallest for Norway, Denmark, and Italy (Ϸ1.25).
The manual versus nonmanual distinction applied in this report is not entirely hierarchical because many nonmanual workers (eg, service and sales workers) have a socioeconomic position similar to that of manual workers or self-employed men. 36 A clearly hierarchical distinction is obtained, however, by comparing manual workers only with upper nonmanual workers (professionals, administrators, managers, and employers of large numbers of subordinates). 15 For a number of countries, we could calculate rate ratios on the basis of this comparison. For stroke mortality, this measure revealed larger socioeconomic differences than those reported in this article. Compared with upper nonmanual workers, manual workers had in general Ϸ2 times the risk of dying of stroke at ages 30 to 44 years and Ն1.5 times the risk of dying of stroke at ages 45 to 59 years. Most important to the present study, however, is that the relative position of countries was found to be the same as the positions observed in this report by using the manual versus nonmanual rate ratio (A.E. Kunst, PhD, et al, unpublished data, 1997).
Explanations
One of the purposes of this international overview was to assess the possibility that, parallel to what has been observed for IHD and some cardiovascular risk factors, [15] [16] [17] [18] [19] [20] [21] [22] socioeconomic differences in stroke mortality in southern Europe are small or even absent. Relative small mortality differences were indeed observed for Italy and Spain but not for France, Switzerland, and Portugal. It is uncertain why the latter countries have relatively large socioeconomic differences in stroke mortality. One of the contributing factors may be excessive alcohol consumption by manual workers in these countries. Excessive alcohol consumption enhances the chance of dying of ischemic stroke. [40] [41] [42] Suggestive of its contribution to inequalities in stroke mortality are the large inequalities in mortality from other alcohol-related diseases in France and some other southern European countries 17 and the relatively steep socioeconomic gradients in weekly alcohol consumption as reported in national surveys from France and Portugal. 18 Characteristic of both Portugal and Finland is that large mortality differences (in relative terms) coincide with high national rates of stroke mortality. This suggests that some of the risk factors that are specific to these countries affected lower socioeconomic groups disproportionately. Excessive alcohol consumption may have contributed to the large mortality differences in Finland as well as in Portugal. Alcohol-related deaths in Finland are responsible for a large proportion of premature deaths at the national level 43 as well as the large class differences in premature death. 44 International comparisons suggest that the high national death rates of Portugal are related to high levels of sodium intake. 45, 46 Similarly, dietary factors may have contributed to the exceptionally high mortality rates of farmers and farm workers in Portugal.
Another group of countries of special interest are the Nordic welfare states. In most of these countries, except Finland, mortality differences appeared to be small, especially when expressed in absolute terms (Table 4 ) or in comparison to differences in IHD mortality (Figure) . These small differences might in part reflect a beneficial effect of egalitarian health care and other policies in Nordic countries. Since part of stroke deaths at ages Ͻ65 years is avoidable through hypertension detection and control services, 34, 35 optimal use of these services by lower socioeconomic groups may help to reduce their risk of dying of stroke. Egalitarian policies with respect to health care have removed financial barriers to the access of these services, 29 while egalitarian policies in other fields may have contributed to diminish barriers of social, cultural, or psychological nature. 47 A wider international perspective shows that the magnitude of stroke mortality differences is not clearly associated with the egalitarian character of healthcare systems. Socioeconomic differences in stroke mortality were relatively large in England and Wales in the 1980s, despite 4 decades of National Health Service. 48 On the other extreme is the United States, where many disadvantaged people are not insured or are only partially insured for medical care. This has led, among other things, to "reverse targeting" in hypertension detection and control: those who would benefit most are least attended by the relevant medical services. 49 Despite these inequalities in access to health care, stroke mortality differences in the United States do not appear to be consistently larger than in European countries.
Implications
Socioeconomic differences in stroke mortality among men aged 30 to 59 years were observed for each country for which data were available. In each country, closing the gap between low and high socioeconomic groups offers a large potential for lowering stroke mortality rates in the nation at large.
Developing effective methods of risk factor reduction in lower socioeconomic groups should be a top priority in stroke prevention. Preventive actions should be based on empirical evidence on the contribution that different risk factors, such as tobacco and alcohol consumption, make to the excess stroke mortality of lower socioeconomic groups. Since the relative importance of different risk factors seems to vary strongly between countries, future explanatory studies would greatly benefit from international concertedness of research.
The healthcare sector has an important contribution to make to the reduction of inequalities in stroke mortality. An English study observed shortcomings in the medical services delivered to patients dying of stroke and hypertensive disease. 34 Future studies should assess whether these shortcomings are more common among patients from lower socioeconomic groups and should find ways to eliminate any inequalities observed.
The experience of England and Wales illustrates that the removal of financial barriers is not sufficient to achieve small socioeconomic differences in stroke mortality. The experience of most Nordic countries suggests that these mortality differences might be reduced by removing not only financial barriers but also other barriers to the effective use of medical services.
